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KINETICS OF THE GAS PHASE PYROLYSIS OF CHLORINE PENTAFLUORIDEL
by A. E. Axworthy and J. M. Sullivan

Rocketdyne, A Division of North American Rockwell Corporation
6633 Canoga Avenue, Canoga Park, California 91304

The kinetics of the photochemical formation of chlorine pentafluoride from C1Fg and
F, has been studied recently by Krieger, Gatti, and Schumacker.2 We report herein
the results of our investigation of the gas phase thermal decomposition of C1F5.

EXPERIMENTAL

_The electrically-heated stirred flow reactor (91-ml, monel) employed is described
elsewhere, 3,4 Chlorine pentafluoride vapor of 98 weight percent purity (containing
about 1.3% HF and 0.7% C1F3) was passed through the reactor at an initial partial
pressure of 32 mm in a mixture with helium. The total pressure was 1 atm. The
reactor was equipped with a by-pass to allow measurement of the ClF5 concentration
in the entering gas stream.

The gases leaving the reactor (or the by-pass) were passed through a 10-cm nickel
infrared cell with AgCl windows. The ClFg concentration was followed by measuring
the absorbance at 12.5 microns. The flow rates were measured with a soap bubble
flow meter connected to the exit stream. The measured flow rates and reactor volume
were corrected to reactor temperature. No correction was made for the partial
dissolution of reactants and products in the'soap solution or for the presence of’
water vapor.

Infrared analysis of the exit gas showed ClF3 and ClF5 as the major absorbers, with
ClF present in-trace quantities. Fluorine does not absorb in this range (2—15
microns). These results indicate that the stoichiometry is mainly:
5

ClF5 — ClFg + Fg MH = + 18.5 kcal/mole (1)
RESULTS
The results obtained for the thermal decomposition of ClF5 over the temperature
range 252-307° are presented in Table 1. For a stirred flow reactor, the rate -
constants for a simple order, single-reactant reaction are given by the equation;

ky, = (P-P)/(PM) (2)

whefe P° and P are the partial pressures, respectively, of reactant entering and
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leaving the reactor, T,1is the averege residence time in the reactor, and n is the
order of the reaction.l‘ It can be showvn from eq 2 that for a first-order reaction,
& plot of cz/(l-a) vs T, where « is the fraction reacted, should be linear with a
slope equal to the rate constant. Figure 1 shows that the decomposition of ClFg
follows irst-order kxinetics up to 80% reaction at 293°. The data in Figure 1 were
cstained at temveratures of 291.5- 291* O and corrected to 293.0° using an activa-
tion energy of Ll kcal/mole. The rate consta.nt, %Xy, from each experiment is listed
in Table 1. The best first-order rate constant, k;", at each temperature, obtained
‘rom a plot of the type shown in Figure 1, is given in the last column of Teble 1
and plotted in the Arrhenius form in Figure 2. A least squares fit of the data to

the Arrhenius expression yields the line shown in Figure 2 which represents the rate

expression:

14.61

-1
Ky = 10

e>_<p(4u1,33o/m) sec (3)

“se uncertainty in activation energy is about 2 kcal/mole.

Tre mixing requirements for a stirred flow reector do not allow e convenient
procedure for varying widely the surface-to-volume ratio, but the high values of
the activation energy and preexponential factor suggest that the reaction is homo-
geneous in nature. Also, it was found that the rates were unchanged after the
reactor, containing products of reaction, had been allowed to sit at 280° for 1
onth.

DISCUSSICN
Three poséiblé_mechanisms mey be written which are compatible with the observed rate
expression, 1.e., first order in ClFg with no apparent inhibition as the products
accumulate:
A). Unimolecular Elimination of Fp

ClF5 — C1F3 + Fp ' (%)

B) Non Chain Radical Mechanism

CIFs — CLF), + F (5).
CIFj = ClF3 + F (7)
F+F+MIFo+M - ‘ (9)

C) Llong Chein Radical Mechanism

ClFg = ClF), + F . (%)
F + CIF5 = CIF), + Fp S (6)
CIF}, - ClF3 + F (1)
F + CIF), = C1F3 + Fp. (8)

The long chain mechanism (C) may be questioned on the bagis of the observed rate -
parameters A and E. Mechanism (C) requires that

(A5A6A7-§ and E = (E5+E6+ ’EB)

The A Tactors for the individ%al steps can be estima.ted from the generalizations
proposed by Benson aad Demore Thus, .

o. S. W. Zeason and ¥W. Z. Demore, Ann. Rev. Phys. Chem., 16,426 {1665).
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rhsAgAN T <10- 10 10" 7 -~ 10+%. This value is in good agreement with the.
A3 oo ST T .
ooserved value of lolh's ? =, are assuned equal to pHY E_7, where AHO is

the heat of reaction for 01:5 -+ CIF3 + 2F (pH° = 57 KCal/mole) end E_
%s tze activation energy for the reverse of reaction (7). Semenov-'s’ approxina ion7
; gfves Eq =2 5 XCal/mole and 6 ll_O KCal/mole. The- raazca;-rudical

reactions (-5) 2nd(8) are assumea Lo have zero actlvation energies. Therefore

Z = ${57.0 + 2.5 + 11.0-0)~ 35 KCal/mole. This value is somewhat lower then the -

csserved value of 40.3 XCal/mole and suggests that the long chain mechanism (C)
»robably is not important in the decomposition of ClFs.

cafortunetely the data do not allow a choice t0 be made between the molecular 5
c¢limination mechanisa (A) and the non chain mechanism (B). Thermochemical data

-8.85 18. .
10 10 for the reverse of reaction (&). Therefore,

give Keq =
Rl = 1058 exp(-22,800/RT) liter/mole sec. The A factor 105-8 liter/mole sec is
not unreasonable for a bimolecular reaction. Xence, the molecular elimination
reaction (A) cannot be eliminated.

If the non chain radical mechenism (B) is correct, then the measured activation
energy, 40.3 XCal/mole, is equal to the bond dissociation energy for the first C1l-F
toné in ClFc._ This value seems reasonable since the average bond energy in ClFs is

36 KCal/mole %, Further support for the non chain radical mechanism is given
by the generalization of Benson and Dellore » that the A factor ﬁf unimoleculir'
reactions involving the splitting off of atoms are in the range of 10™7 to 1015sec™

It now rexmains to discuss the recent nhotoéhemical investigation by Krieger et al.2
: They studied tne kinetics of the photochemical formation of ClF5 from
ClF3 and Fp (365 mu, 16-70°) and obteined the -complex rate expression:

T w tm =1
d(ClFE) =kxan”‘ (cary) +1+57
ar ST T ,

Their somewhat unusual mechanism involves the formation of an activated C1Fc molecule
waieh can (1) be collisionally éeactivated to ClFs, (2) react directly with C1F3 to’
form 2 C1F), radicals, or (3) split into C1F), + F. In order to explain their ocbserved
results (quantum yleld dependent on inert ges pressure and on C1lF3 pressure), all
+three of these processes must occur to an appreciable extent in each of their experi-
ments. .

Trnese photochémica results indicate that the ClFg ectlvated molecule decomposes
ool :e rapidly than classical theory would predict. Also, the thermal decomposition
C’“s should be pressure dependent and accelerated by the presence of the product

+“hermal and photochemical results can be shown to be compatible in two ways.

5%, it can ve calculated from the photochemical rate constants that the accel-
ing effect of C1lF,; wouid not be sufficient to appreciably affect the first-order
ot ‘shown in Fig. 1l.” Thermal experiments would have to be run with added ClP3 and

t various total pressures to determine if the decomposition is dependent on the
TSome Proolems in Cnemical Kinetics and Reactivity, Volume I
ress, Princeton, New Jersey, 1958, P 29.

7, N. . Scmenov, -
Princeton University Pr
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concentration of C1F, and added inert gases.
3

I7 4t twrms oul that the thermal decomposition rate is unalfected by added C1F3
and inert geses, it could be ergued that the activated complex in the photo-
reaction differs in average energy from the thermally-formed activated

The fluorine atoms formed in the photochemical decomposition of Fp must

PR

‘n consicerable translational energy since there are no accessible electronic

ates. 20 2 portion of this translationel erergy Is converted to internal energy
the C1Fs complex (F + C1¥) — C1lFc*), tre stebiliiy of the complex would be
Ireetly reduced. For example, an additional 10 Xlel/mole of activation energy
wou;s iecrease tbe precicted half-life of the complex from about 10°“ to about
207V sec, and zight also account for its reactivity toward ClF3.

chenmical
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Figure 1. First-Order Plot of ClF5 Decomposition Data at 293 C
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Figure 2. Arrhenius Plot
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Table 1. Experimental Kinetic Data for the Pyrélyais of Gaseous

Chlorine Pentafluoride

Fraction
Reacted

Temp, °¢ . 77 sec a k), sec" K, eec™
. 252.2 ) 2b.9 . 0.068 0.00292 0.00260
L 252,2 113.0 . 0.254 0.00300 :

252.2 281.5 0.375 0.00213

252.2 . bhg.0 0.525 0.002k6

268.5 196.8 0.612 - 0.00803 0.00803

279.4 36.2 - 0.381 0.0170 0.0164

279.b "115.3 0.646 0.0158 C
283.2 23.6 0.371. © 0.025 0.0251

283.0 B3 . C0.MTT 0.0252

207.4 2b.h - 0.b65 0.0357 0.0385

2&-‘2 'lO.b 0.625 OIObla

2087.L h2.b 0.629 0.0398

287.6 - 55.0 © 0.T16 . 0.0l459

291.8 11.9 . 0.312 0.0380 0.0417
- 291.5 ob,1 0.h99 , 0.0813 :

293.0 11.6 ‘ 0.312 0.0391

293,0 14.6 0.364 0.039%

293.3 32.“ 0.5‘,0 : 0.0'003

293.0 8.4 0.62h 0.0432

293.5 bL.7 0.658 0.0u62

293.0 62.8 0.749 0.0476 : .

29h,0 _ 81.3 0.790. 0.0u6h

307.5 T.96 0.433 0.0959 0.113

306.8 9.76 0.529 0.115

307.0 11.93 0.595 0.123

7.5

12.9 0.583 0.109
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